Abstract. Thirteen specimens of Taren/ala from the Cape Verde islands were sequenced for 695 base pairs of l2S rRNA and cytochrome b mitochondrial genes, and analysed with published sequences. Our results support many of the relationships previously proposed. We report the presence of Taren/ala gigas Bocage, 1875 on Sao Nicolau and Taren/ala cabaverdiana nicalauensis Schleich, 1984 on Sao Vicente. This increases the number of genetically distinct forms on these islands; hence community structure appears to be more complex than previously understood. We also sequenced seven individuals for 375 base pairs of the nuclear gene. C-mos. Two sites were variable, much less than expected given the high levels of differentiation based on mitochondrial DNA sequences.
Introduction
The Cape Verde archipelago, approximately 400 kIn from the West African coast, comprises ten islands and a number of islets of volcanic origin (Mitchell-Thome, 1983) . The islands form an arch ( fig. 1 ), the oldest islands being Maio, Sal and Boavista, and the youngest Santo Antao and Brava, the tips of the "arch". During sea level fluctuations in the Pleistocene some of the northwestern group of islands were most likely linked -Sao Vicente, Santa Luzia, Branco and Raso, and possibly also Boavista and Maio from the "central" group of islands. Otherwise the water channels are very deep (> 1000 meters) and so it is highly improbable that these islands were ever linked by land connections. DNA sequence data have recently been used to estimate colonization patterns of reptiles within the Cape Verde islands Carranza et al., 2001; Jesus et al., 2001 ). In the case of Tarentola a species of the subgenus Makariogecko appears to have colonized the Cape Verde islands from Gomera or Tenerife in the Western Canaries (Joger, 1984; - Carranza et al., 2000) . Nine genetically distinct units were defined from the Cape Verde islands on the basis of partial 12S rRNA and cytochrome b mitochondrial DNA (mtDNA) sequences (Carranza et al., 2000) . Here we combine data from the same genes for 13 additional individual Tarentola from the islands, and also sequences from the nuclear gene C-mos to compare with the mtDNA data. Inclusion of our new data does not alter many of the taxonomic conclusions of Carranza et al. (2000) . Carranza et al. (2000) , however, reported only a single species of Tarentola from each of the northern islands except Sao Nicolau and the islets of Branco and Raso. We found additional species on the larger islands in the northern group. Although Tarentola show higher levels of mtDNA variation within the Cape Verde islands compared to Mabuya skinks Carranza et al., 2001) , they show lower levels of variation in the nuclear gene C-mos. Despite the extensive sampling of Carranza et al. (2000) the genetic variation of Tarentola within the Cape Verde islands is more complex than previously described.
Methods
Additional specimens examined are shown in table 1. Specimens collected in the field were identified following Joger(1993) and Schleich (1987) , and released after tail tips were taken. Tissues are preserved in the collections of CCBG (University of Madeira). The sample from 7: c. raziana Schleich, 1984 (from Raso island) . Indicate the partial C-mos region was also sequenced. Three other specimens were also sequenced for C-mos
(1: rudis and two 1: darwini, all from Santiago, codes T23882, T23897 and T23898 respectively).
of tail using standard methods. Polymerase Chain Reaction primers used in both amplification and sequencing were cytochrome bl and b2 and 12Sa and 12Sb from Kocher et al. (1989) and G73 and G74 for C-mos from Saint et aI. (1998) . Amplification conditions were the same as described by Harris et aI. (1998) and Saint et al. (1998) . Amplified fragments were sequenced from both strands on a 373 Applied Biosystem DNA Sequencing
Apparatus.
Sequence analysis. Sequences from the Cytochrome band 12S rRNA belonging to the same individual were merged for the analysis. These and the C-mos sequences were aligned using Clustal W (Thompson et al., 1994) with the previously published data (Carranza et aI., 2000; Harris et aI., 2001) . Three samples of Tarentola gomerensis Joger and Bischoff, 1983 were designated as outgroup taxon. Cytochrome b, 12S rRNA and C-mos sequences were respectively 303, 392 and 375 base pairs long. GenBank accession numbers are AF468790 to AF468815. The cytochrome b and C-mos sequences contained no indels. The data were imported into PAUP* 4.0b5 (Swofford, 2001 ) for phylogenetic analysis. We used the approach outlined by Huelsenbeck and Crandall (1997) to test 56 alternative models of evolution, employing PAUP* 4.0b3a and Modeltest (Posada and Crandall, 1998) discussed in detail in Harris and Crandall (2000) . Once a model of evolution was chosen, it was used to estimate a tree using neighbor joining. Support for nodes was estimated using the bootstrap technique (Felsenstein, 1985) , with 1000 replicates. A maximum parsimony analysis was also carried out (100 replicate heuristic search), and support for nodes estimated by bootstrapping with 1000 replicates.
Results
Including the three outgroups 57 sequences were analyzed for the mtDNA data set. Aligned sequences of the combined gene regions were 695 bps long. The data appear to be mitochondrial DNA sequences and not nuclear integrated copies (see Nielson and (A 30% C 53% G 04% T 12%, compared to average in geckos of A 36% C 44% G 05% T 15%; Harris, 2001b) . We concluded that the HKY model (base frequencies A 0.30, C 0.32, G 0.17, T 0.21, transition/transversion ratio 5.63), with a gamma distributed rate heterogeneity model (4 rate categories, G = 0.175) was the most appropriate model of evolution for these data ( fig. 2) . Maximum parsimony analysis found 56 trees of 298 steps that were similar to the NJ trees ( fig. 2) . One hundred and forty five characters were parsimony informative. For the C-mos partial gene region, seven individuals were sequenced from five of the major mtDNA groups identified in this study and by Carranza et al. (2000) . These were compared to the sequence of Tarentola boettgeri Steindachner, 1891 from Gran Canaria . A single synapomorphyunited the specimens from the Cape Verde islands. One site is autapomorphic for 1: gigas, and the other synapomorphic for 1: gigas and 1: rudis rudis Boulenger, 1906.
Discussion
Our results support many of the conclusions of Carranza et al. (2000) . We have however included some additional taxa that were not included in the previous analysis, and which slightly alter the conclusions.
Tarentola caboverdiana Carranza et al. (2000) included three subspecies of Tarentola caboverdiana in their analysis. Individuals of 1: c. nicolauensis from Sao Nicolau were clearly a genetically distinct group, while 1: c. raziana and 1: c. substituta Joger, 1984 were reciprocally monophyletic and formed a closely related group. We included five additional specimens of 1: c. nicolauensis, all of which form a monophyletic group with the previously published samples of this subspecies (98% support). However, two of these came from the island of Sao Vicente (T23850 and T23851). Previously only 1: c. substituta has been recorded from this island (Joger, 1993) . We also included two samples of 1: c. caboverdiana Schleich, 1984 from Santo Anmo. These formed a distinct clade (73% support) that is sister taxon to both 1: c. raziana and 1: c. substituta (73% support). However, with the addition of two sequences of 1: c. substituta and one of 1: c. raziana, these two subspecies are no longer monophyletic with respect to each other. Therefore, within this species only three genetically distinct groups can be identified: 1: c. nicolauensis which is not closely related to the other members of this species, 1: c. caboverdiana and a closely related group of both 1: c. raziana and 1: c. substituta. It is not surprising that 1: c. raziana and 1: c. substituta are not genetically well differentiated, since they occur on islands that were probably connected during periods of lower sea levels during the last glacial periods. Two subspecies are currently recognised within Tarentola gigas, 1: g. gigas from Raso and 1: g. brancoensis Schleich, 1984 from Branco (Joger, 1993 . These forms were not differentiated using mtDNA (Carranza et al., 2000) . The species was reported to be confined to these small islands, although recent fossils show it was more widely distributed in the past (Carranza et al., 2000) . We have included a sample from an individual of 1: gigas from Sao Nicolau. Given that this species has not been reported from this island before, and that the sample shows considerable genetic differentiation from other 1: gigas (3.3-3.6% sequence divergence with the cytochrome b region) it could well represent a new subspecies. Additional sampling and detailed morphological analysis will be needed to confirm this.
Phylogenetic relationships of major genetic clades Carranza et al. (2000) identified nine major genetic groups within Tarentola from the Cape Verde islands. Our analysis is congruent with this. Supported as a clade is a group of 1: gigas, 1: rudis rudis, 1: 1: hartogi Joger, 1993 and 1: 1: protogigas (96% support). Most closely related to this group is a clade of 1: caboverdiana caboverdiana, 1: c. sustituta and 1: c. raziana. Tarentola c. nicolauensis is the sister taxon to this whole group (53% support). These relationships are essentially the same as those found by Carranza et al. (2000) . Bootstrap supports are lower, probably because we included a shorter region of the cytochrome b gene in our analysis. A single C-mos synapomorphy links 1: gigas with 1: rudis rudis. This is in accordance with our phylogeny estimated from mtDNA sequences. The other taxa from the Cape Verde islands formed a separate clade in the analysis of Carranza et al. (2000) , although bootstrap support was low (46% in the NJ analysis). In our analysis 1: darwini Joger, 1984 from Sao Nicolau and 1: 1: boavistensis Joger, 1993 are sister taxa, with 1: darwini from Fogo and Santiago as the most basal taxa. Bootstrap support for these relationships is low, so our analysis of the available data does not resolve relationships between these groups.
Community Structure
Our analysis suggests that genetically distinct forms of Tarentola exist on more of the islands than has been previously reported. Sao Vicente has both 1: caboverdiana sustituta and the genetically distinct 1: c. nicolauensis. Sao Nicolau is inhabitated by 1: gigas as well as 1: darwini and 1: c. nicolauensis. It seems likely that more extensive surveying will uncover additional forms on other islands. Additional data are also needed to determine if these taxa are found in sympatry on the islands. . . . Tarentola from the Cape Verde Islands 53 Variation in C-mos compared to mtDNA sequences If both C-mos and mtDNA sequences evolve according to a molecular clock, then the relative ratio of genetic divergences between taxa will be equal in different groups. C-mos substitutions accumulate at a rate similar to that of transversion substitutions in mitochondrial protein-coding genes in passerine birds (Lovette and Bermingham, 2000) . In Mabuya stinks from the Cape Verde islands, taxa show considerably lower levels of mtDNA substitutions than geckos, but eleven C-mos substitutions were detected , as opposed to two within Tarentola from the islands in this study. Geckos on average have higher levels of mtDNA divergence between species than other lizards . This could be an artifact of taxonomy, for example geckos could simply be morphologically more conservative so that some species have been overlooked. However, if C-mos variation is low between gecko species, this implies they may have a higher rate of mtDNA divergence than other lizards, which would affect molecular clock calibrations currently used. Additional sampling of taxa for both mtDNA and C-mos will be needed to study this possibility further.
Conclusions
Despite the extensive sampling of Carranza et al. (2000) we have uncovered genetically distinct forms on islands where they have not previously been recorded. This knowledge is essential for future conservation of these unique geckos. Our study suggests that even more sampling will be necessary to fully understand the evolutionary history of the group and their systematics.
